INTRODUCTION
In the last few decades, tissue engineering has emerged as a promising multidisciplinary approach for the repair and regeneration of damaged bone tissue.
The molecular events that underline the degenerative temporomandibular joint (TMJ) diseases are poorly understood. Mechanical stresses are generated during functional or para-functional movements of the jaw, adaptive mechanism of the TMJ may be exceeded by free radical accumulation leading to a dysfunctional state (i.e. disease state). Biologically relevant free radicals are very reactive and unstable molecular entities that have an unpaired electron and they can produce participate in the propagation chain reaction to form a new radical. Although oxygen free radicals participate in many physiological processes, they can be harmful to tissue when either their action or their generation have been left uncontrolled. The most common source of free radicals in biological systems is oxygen. The elevation of reactive oxygen species (ROS) lead to oxidative stress that causes molecular damage to the vital structures and functions.
This chapter addresses the principal intrinsic and extrinsic factors that impede integration and describe how manipulation of these factors using a host of strategies can positively influence cartilage integration based on the designer biomaterial scaffolds and combinations designed by others and us in vitro development.
Introduction to temporomandibular disorders: anatomy and physiology summary
Signs and symptoms of temporomandibular disorders (TMDs) may include pain, impaired jaw function, malocclusion, deviation or deflection, limited range of motion, joint noise, and locking. Headache, tinnitus, visual changes, and other neurologic complaints may also accompany TMDs. Because of many etiologic factors, the diagnosis and treatment of patients with TMDs is complex. TMDs can be subdivided into muscular and articular categories. Differentiation between the two is sometimes difficult because muscle disorders may mimic articular disorders, and they may coexist. Myogenic disorders include myalgia (myofascial pain (MFP), fibromyalgia), myospasm, splinting, and fibrosis / contracture. Articular disorders include synovitis / capsulitis, joint effusion, trauma / fracture, internal derangement, arthritis, and neoplasm.
TMJ is a compound articulation formed from the articular surfaces of the temporal bone and the mandibular condyle. Both surfaces are covered by dense articular fibrocartilage. Each condyle articulates with a large surface area of temporal bone consisting of the articular fossa, articular eminence, and preglenoid plane. The TMJ functions uniquely in that the condyle both rotates within the fossa and translates anteriorly along the articular eminence. Because of the condyle's ability to translate, the mandible can have a much higher maximal incisal opening than would be possible with rotation alone. The joint is thus referred to as "gynglimodiarthrodial": a combination of the terms gynglymoid (rotation) and arthroidial (translation) [1] .
A cartilaginous disc resides between the articular surfaces of the temporal bone and mandibular condyle. Although other articular cartilages are composed of hyaline cartilage, this disc is composed of fibrocartilage; thus, the disc contains a much higher percentage of collagen, increasing its stiffness and durability. The disc does not have any direct vascularization or innervation; however, the posterior attachment of the disc (also known as retrodiscal tissue) is both highly vascularized and highly innervated and, therefore, pertinent to the discussion of joint pain. The superior lamina of the retrodiscal tissue limits extreme translation, whereas the inferior lamina limits extreme rotation. The lateral pterygoid muscle controls the opening of the mandible. The superior segment of this muscle attaches to the anterior portion of the disc, and the inferior segment attaches inferior to the condyle. As both segments contract the condyle translates anteriorly along the articular eminence, and the disc remains interposed between the condyle and the temporal bone at all points of translation.
The joint is stabilized by three ligaments: collateral (discal), capsular, and temporomandibular. These attach to the disc at the medial and lateral poles of the mandibular condyle, as well as to the temporal fossa. These ligaments limit extreme condylar movement. The capsular ligament surrounds the joint space and disc and acts to contain the synovial fluid within the joint space.
The capsule is lined by a synovial membrane. Synovial tissue covers all intra-articular surfaces except for the pressure-bearing fibrocartilage (i.e. disc, condyle, eminence). The synovial tissue is highly innervated and vascularized and has regulatory, phagocytic, and secretory functions. The synovial fluid has metabolic and nutritional functions and is essential to joint surface lubrication [2] .
The masseter, medial pterygoid, lateral pterygoid, and temporalis muscles are the muscles of mastication. The masseter, medial pterygoid, and temporalis are primarily responsible for mandibular closure and bite force, whereas the lateral pterygoid and infrahyoid muscles are responsible for mandibular opening. Mandibular movement is also influenced by the digastric, geniohyoid, mylohyoid, stylohyoid, sternohyoid, omohyoid, sternothyroid, and thyrohyoid muscles, which as a group coordinate complex mandibular movements including opening, protrusion, retrusion, lateral excursion, and closure.
At rest, the condyle is seated passively in the temporal fossa with the fibrocartilage disc interposed at the most superior and anterior position of the condyle. Mandibular opening commences with contraction of the lateral pterygoid and infrahyoid muscles, which rotates the condyle. Mandibular opening proceeds with lateral pterygoid contraction pulling the condyle forward along the articular eminence (translation). The superior segment of the lateral pterygoid muscle coordinates the translation of the disc with the condyle. During jaw closing the ligaments and retrodiscal lamina pull the condyle and disc back into resting position.
The TMJ receives its vascular supply from the superficial temporal, maxillary, and masseteric arteries. Innervation of the joint is provided mainly by the auriculotemporal nerve and, to a lesser extent, the masseteric and posterior deep temporal nerves. The production of synovial fluid is also under a certain amount of neuronal control.
Temporomandibular disorders: general introduction
The term "TMJ pain" varies greatly in meaning among clinicians, patients, and the general population. Historically, symptom-based classification of the disorder has been problematic. As stated by Laskin [3, 4] , the difficulty began with the introduction of a "TMJ syndrome." Then clinicians erroneously grouped a "variety of etiologically unrelated conditions into one diagnostic category based on the fact that they produced similar signs and symptoms," and this led to "one diagnosis equals one treatment." Only later was it recognized that many of these patients suffered from muscle-related conditions. The terms MFP and myofascial pain and dysfunction (MPD) evolved [5] , and "TMJ disorders" became "TMDs." were differentiation of the TMDs into articular (joint) and nonarticular (myogenic) disorders can be made and will be further discussed.
Myogenic disorders
Traditionally, it was thought that structural abnormalities (i.e. dental malocclusion, condylar malposition) led to muscular dysfunction and pain [6, 7] . Muscles were thought to be under an increased burden in the presence of these skeletal and / or dental misalignments. As such, a "vicious cycle" model was proposed: Structural → abnormality → muscle hyperactivity ↔ pain ↔ mandibular dysfunction where pain and muscle hyperactivity potentiate each other and emotional stress is thought to have an additive effect [6, 7] . Over time, there has been a lack of scientific evidence to support this theory.
MFP of the masticatory muscles is more frequently induced by stress-related parafunctional habits (i.e. clenching and grinding) and rarely by mechanical causes such as occlusal prematurities or high dental restorations. MFP and MPD, although considered to be muscular disorders, are thought to possibly play a causative role in degenerative disease of the TMJ.
Articular disorders
The etiology of articular disorders may be degenerative, traumatic, infectious, immunologic, metabolic, neoplastic, congenital, or developmental.
Articular disc displacement (internal derangement) Anterior disc displacement (ADD) is the most frequently encountered articular disorder. Disc displacement (also known as internal derangement) is defined as "a disturbance in the normal anatomic relationship between the disc and condyle that interferes with smooth movement of the joint and causes momentary catching, clicking, pop-ping, or locking" [8] [9] [10] [11] .
The ability of the joint to adapt to biomechanical stress and disc derangement has been a subject of debate. In his classification system, Wilkes [12] promotes the theory that internal derangement logically progresses to degenerative joint disease (DJD). Historically, surgical and nonsurgical approaches have been used to reposition the displaced disc, with the goal of arresting this progression [13] . In an opposing view, Milam [9] states that "the adaptive capacity of the TMJ is not infinite …some individuals are… capable of mounting an adaptive response to an articular disc displacement; other individuals may not adapt to these structural derangements, and a progressive DJD may result." Factors considered to compromise the adaptive response include age, sex, stress, and illness [9, 14] . He concludes that disc derangement may exist variably as cause or effect, but does not always progress to disease.
FREE RADICALS AND TEMPOROMANDIBULAR JOINT IN ACTION
Mechanical stresses are generated during functional or para-functional movements of the jaw, adaptive mechanism of the TMJ may be exceeded by free radical accumulation leading to a dysfunctional state (i.e. disease state). Biologically relevant free radicals are very reactive and unstable molecular entities that have an unpaired electron and they can produce participate in the propagation chain reaction to form a new radical. Although oxygen free radicals participate in many physiological processes, they can be harmful to tissue when either their action or their generation have been left uncontrolled.
The most common source of free radicals in biological systems is oxygen. The elevation of ROS lead to oxidative stress that causes molecular damage to the vital structures and functions. ROS are generated on a regular basis in biological pathways as a product or as a signal transducer.
However, excessive production or ineffective scavenging of ROS can cause over accumulation, which can injure or kill cells. All basic molecules in living organisms can be attacked by ROS, e.g., lipids, carbohydrates, proteins and nucleic acids [15] [16] [17] .
The unsaturated fatty acids of cell membrane lipid are susceptible to peroxidative reaction. Lipid peroxidation of cell membranes has been implicated in the wide range of tissue injuries and diseases. Accumulation of lipid hydroperoxides in a membrane disrupts its function and causes it to collapse and have range of cytotoxic radicals. The most series of which are aldehydes. They may also react with transition metals like iron or copper to form stable aldehyde such as malodialdehyde for example, which will damage the cell membrane. Because hemoglobin constitutes the largest iron store in the body, it is speculated to be a potential source of redox activity iron, which can catalyze the formation of free radicals that might be damaging to the joint [18] .
Antioxidant defense mechanisms involve both enzymatic and non-enzymatic strategies. Common antioxidants include the vitamins A, C and E, glutathione, and the enzymes superoxide dismutase, catalyse, glutathione peroxidase and glutathione reductase. They work in synergy with each other and against different types of free radicals. Antioxidant enzymes in living organisms have evolved as very sophisticated and effective scavengers of ROS. Superoxide dismutase (SOD) is an essential antioxidant enzyme protecting many cellular components by converting two superoxide anions into a molecule of hydrogen peroxide and one molecule of oxygen. SODs are found in many organisms including all oxygen-consuming organisms [19] .
AETIOLOGY OF TEMPOROMANDIBULAR JOINT IN A NUTSHEL
Most of the scientists explain that osteoarthritis (OA) as an inflammatory process, TMJ disorder beingthe most frequent one , is characterised by proliferative changes in the synovial and primary degeneration of the cartilage and surrounding tissues [20, 21] . It is found that 28 % of the adult population have symptoms and clinical signs of TMD [22, 23] . The aetiological factors of TMJ disorders as follows: systemic diseases (rheumatoid arthritis (RA), psoriasis, pseudogout, ankylosing spondylitis, etc.), secondary inflammatory component from the neighbouring regions (otitis, maxillary sinusitis, tonsillitis), trauma (chronical), prevalence of dental arch defects e.g. missing of molar teeth [24] , malocclusion, endocrinological disturbances, odontogenic infections (impacted third molars). Presence of specific bacterial organisms such as Staphylococcus aureus, Streptococcus mitis, Mycoplasma fermentas, Actinobacillus actinomycetemcomitans in the synovial fluid have been found [25] . Serum antibodies against Chlamydia species in patients with monoarthritis of the TMJ have also been reported [26] .
Although patients without internal derangement may develop OA [27] , a complex two-way relationship exists. Controversy continues as to whether disc derangement is a cause or a result of DJD; however, scientific evidence strongly supports the latter conclusion [27] [28] [29] [30] [31] .
PATHOGENESIS OF TEMPOROMANDIBULAR JOINT UP TO DATE
Inflammation mainly affects the posterior disc attachment [20, 27] . Several inflammatory mediators play an important role in the pathogenesis of TMJ disorders like tumor necrosis factor alpha (TNF-α), interleukin-1beta (IL-1β), prostaglandin E2 (PGE2), leukotriene B4 (LkB4), matrix metalloproteinases (MMPs), serotonin or 5-hydroxytryptamine (5-HT) [22, 28] . MMPs are the early marker or detector to determine TMJ arthritis [27] . Serotonin is the mediator of pain and inflammation is produced in enterocromaffin cells of the gastrointestinal mucosa and absorbed by platelets. It is also produced in the synovial membrane and in the synovial fluid which causes TMJ pain in cases of systemic inflammatory joint diseases [28] [29] [30] [31] . Inflammation results in tissue response as: vasodilatation, extra vasation, release of mediators, activation of nociceptors, release of neuro peptides as substance P (SP), neuropeptide Y (NPY), which stimulate release of inflammatory mediators like histamine and serotonin and hyperalgesia.
Capsulitis and synovitis
Inflammation of the capsular ligament may manifest with swelling and continuous pain localized to the joint. Movements that stretch the capsular ligament cause pain with resultant limitation of such movement. Significant inflammation may increase joint fluid volume. When this occurs, one may see an ipsilateral posterior open bite (lack of contact between maxillary and mandibular teeth) secondary to inferior displacement of the condyle [7] . Similarly, inflammation due to trauma or abnormal function may affect the retrodiscal tissue. Edema in this area may cause anterior displacement of the condyle and an acute malocclusion with painful limitation of mandibular movements.
The highly innervated and vascularized synovial membrane digests debris and pain mediators released from cartilage degradation. When this ability is overwhelmed, inflammation (acute synovitis) results. Inflammation of the synovial membrane is an early sign of DJD [32] . Inflammatory and pain mediators have been identified in TMJ synovial fluid [33, 34] . Chemical breakdown of degenerative byproducts is thought to stimulate the production of inflammatory and pain mediators (PGE2 and LkB4, among others) through the arachidonic acid cascade. PGE2 is a powerful vasodilator and LkB4 attracts inflammatory cells. Their presence creates acute synovitis pain and stimulates further damage from cytokines and proteases. For this reason arthrocentesis and arthroscopy for joint lavage and lysis of adhesions are believed to have a therapeutic effect [35] [36] [37] . These procedures remove particulate debris and pain mediators, aiding reduction of joint inflammation and pain. Results are similar with and without disc repositioning [35] . Lysis of adhesions may improve range of motion. Steroid injections are also used to reduce synovial inflammation and pain. Recent investigations have looked at intra-articular morphine for sustained pain relief in patients [37] . Research is now focusing on the role of biochemical mediators in the development and progression of TMJ pain and dysfunction [19, 33] and the identification of biochemical "markers" of TMJ disease [14] .
The artritides
Arthritis of the TMJ has many etiologies: frequently OA and RA and less often infectious, metabolic (gout), or immunologic (ankylosing spondylitis, lupus). DJD, also known as OA, has a multifactorial pathogenesis including biomechanical, biochemical, inflammatory, and immunologic insults. Excessive and repetitive mechanical stress has been implicated [19] . Inflammatory mediators and waste products may play a role in DJD [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . Inflammatory states cause changes in the viscosity of synovial fluid, which changes its ability to nourish the articular cartilage, thus changing cartilage metabolism.
POTENTIALS SOLUTIONS TO THE TEMPOROMANDIBULAR JOINT PROBLEM THROUGH BIOMATERIALS

Temporomandibular joint and regeneration scaffolds
The craniofacial structure consists of bone, cartilage, soft tissue, nerves, and blood vessels. Acquired defects after cancer surgeries, trauma as well as congenital or developmental deformities require a reconstructive procedure as the bones of the craniofacial region support the rest of the elements. The procedures used today for temporomandibular reconstruction are mostly autologous, allogenic, or alloplastic, with variable clinical outcomes and morbidities [50] . Distraction histogenesis has emerged as a possible alternative to regenerate ramus condyle unit [51] .
Regeneration using osteoconductive scaffolds, osteoinductive growth factors, committed progenitor cells and stem cells is being investigated by researchers and surgeons alike [52] . Osteoconduction and osteoinduction are very important features for bone tissue scaffolds. Osteoinduction implies the process of the conversion of non-osseous cells into bone forming cells, whereas osteoconduction is the process by which implanted scaffold supports the bone growth [53] .
The ideal bone construct for repair should be able to replicate the lost structure, restore function, be harmless, reliable and biodegradable i.e. should degrade during the process of tissue regeneration and replaced with fully functional tissue.
Scaffolds: general introduction
A crucial requirement for joint repair is that the scaffolding should be attached to the cartilage lesions and should integrate with the tissue. Not only this but also the attachment must balance temporary mechanical function with mass transport to aid biological delivery and tissue engineering. In addition to being patient specific, the scaffolds should facilitate cell attachment and regulate cell differentiation. Also they must be biodegradable, with nontoxic by-products, and exhibit favourable resorption kinetics to maintain initial stability.
The materials can be divided into natural or synthetic, based on the sources. Natural scaffolds may be subdivided into [54] protein based matrices such as collagen and fibrin [55] , mineral-based matrices such as autogenous, allogenic and xenogenic bone grafts, and [56] carbohydrate-based matrices such as alginate, agarose, chitosan (CTS), and hyaluronan. Synthetic materials have been used extensively both in vitro and in vivo. They include poly(lactic acid) (PLA), poly(glycolic acid) (PGA), polycaprolactone (PCL) and their derivatives, for example poly(lactic-co-glycolic acid) (PLGA). The synthetic materials have been popular because of their easy moulding characteristics, relatively easy production, and the ability to control dissolution and degradation. However, their major weakness is biocompatibility. They are degraded by a hydrolytic reaction, thereby high concentrations of acidic by-products and particulates can be released, causing inflammation, giant cell reaction and chondrocyte death owing to a reduction in pH 50.
Biomaterial for scaffolds
The major materials used in craniofacial tissue engineering are natural and synthetic polymers, ceramics, composite materials, and electrospun nanofibers [57] . Biomaterial to be used as a scaffold must possess sufficient mechanical strength, large pore volumes and pore interconnectivity to allow continuous tissue in growth, and transport properties to allow the influx of nutrients and elimination of waste products [58] . Randomly positioned pores contribute to better cell seeding and better cell aggregation in the designed scaffolds [59] . Natural scaffolds like collagen type I, CTS, calcium alginate, hyaluronic acid, and composites have been shown to be osteoconductive, but with problems like lack of mechanical strength when implanted, risk of infection, immunogenicity, and rapid degradation rate [60] [61] [62] [63] [64] [65] .
Bone contains 85 % calcium phosphate, hence ceramics such as hydroxyapatite (HAp), tricalcium phosphate (TCP), and composites such as biphasic calcium phosphate (BCP), have been widely investigated for bone scaffolds. The HA ceramics are well suited as biomaterials because of their biocompatibility, not eliciting an inflammatory response, lack of immune reaction, and easy radiographic assessment. TCP demonstrates a too fast degradation rate in vivo, whereas HA degrades too slowly, is not resorbed, and resides in the defect for several years after callus formation. BCP has more favorable degradation rates compared with TCP and HA. However, the problem with use of ceramics is their brittleness which makes them mechanically inadequate for load bearing [65] [66] [67] .
Polymers include poly(ethylene glycol) (PEG), PGA, poly-L-lactic acid and poly(D-lactic acid) (PLA), PLGA, PCL, poly-urethanes, and composites. Polymers are flexible and biode-gradable through their hydrolysis or by means of cellular or enzymatic pathways when implanted. Polymers have low mechanical strength and hence are often combined with high-modulus micro or nanoscale ceramic constituents like HA.
INTELLIGENT FUNCTIONAL BIOMATERIALS
Hydrogels as carrier molecules
The idea of developing a drug that selectively destroys diseased cells without damaging healthy cells was proposed by the Nobel Prize winner Paul Ehrlich, almost a century ago. He called this hypothetical drug the "magic bullet" [68] . Today, several decades later, many scientists have focused their attention on the development of ideal drugs that specifically target the site of action. Such a targeted drug-delivery system needs three components: a therapeutic agent, a targeting moiety, and a carrier system. The choice of the carrier molecule is of high importance, since it can significantly affect the pharmacokinetics and pharmacodynamics of the drugs [69, 70] . Hydrogels are natural polymers that have been widely used as carrier systems into which; the drug can be incorporated by passive absorption or chemical conjugation. Hydrogels are biocompatible hydrophilic three-dimensional matrices that can act as drug carriers and protectors, especially for peptide and protein-based drugs. Because of their hydrophilic characteristics, hydrogels have improved bioadhesive properties, which make them suitable carrier materials for sustained topical drug-delivery systems for targeted treatment of some of the oral diseases [71, 72] .
Interpenetrating polymeric network hydrogels as a topical drug-delivery system in the oral environment
Multicomponent drug-delivery systems have found several potential diagnostic and therapeutic applications. Among these, the interpenetrating polymeric network (IPN) has emerged as one of the most useful functional biomaterial. IPNs are entanglement of polymers with at least one network synthesized and / or cross-linked in the presence of the other. They are ideally held together only by a permanent topological interactions [73] , presenting a three-dimensional network structure that provides free volume space for an easy encapsulation of drugs.
Many researchers suggest that specifics IPN characteristics, such as, non--separable network, adhesive property, high-tensile strength and biocompatibility enabled the enhancement of the implementation of these hydrogels. Furthermore, IPNs are distinguishable from blends, block copolymers, and graft copolymers for two important reasons; firstly, an IPN swells but does not dissolve in solvents, and secondly, the creep and flow is suppressed. Because of its distinguishable features, these biocompatible, nontoxic and biodegradable polymers are acquiring a unique place in various biomedical applications, such as, cartilage scaffolds, biological tissue graft, tissue engineering, wound dressing and for drug delivery [74] [75] [76] .
IPNs can be prepared for different applications and by using various matrices such as poly-urethane, polybutadiene, methacrylic acid, L-lysine, glutamic acid, poly(vinyl alcohol), carboxymethyl cellulose, poly(acrylic acid), gelatin, poly(vinylpyrrolidone), alginate, dextran, xanthane, guar-gum, CTS, PEG, HAp, etc. [77] [78] [79] [80] [81] [82] [83] .
The newly designed hydrogel system, bioactive-functionalized interpenetrating network (BIOF-IPN) hydrogel, presented in this chapter represents a novel interplay between bio-molecular scaffold designs with functionality. The system optimizes the use of the host : guest science playing an important role as a "build-in" free radical defense mechanism, and acting as a "proof of concept" for the functional multi-dimensional restorative repair materials. This chapter reports the preliminary investigations of the BIOF-IPN utilizing a combination of materials such as CTS in the restorative and regenerative dental field specifically aimed at TMJ in vitro evaluations [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] .
Chitosan
CTS is a natural, biodegradable, non-toxic, mucoadhesive and biocompatible polymer that has garnered immense attention in the pharmaceutical field, inclusive as a vehicle for oral drug-delivery. The suitability of CTS based IPN hydrogels stems from their capability of imbibing large amount of body fluid without solubilisation, great potential for encapsulation of a large amount of drugs, and adaptability to be combined with specific responsive polymer(s).
Furthermore, it presents good biocompatibility, low toxicity and unique biological and physical-chemical characteristics [94] . The primary reactive functional groups (hydroxyl and amine groups) located on the backbone of CTS allow for chemical modification to control its mechanical and solubility properties. When a hydrophobic moiety is conjugated to a CTS molecule, a chemically cross-linked three-dimensional nanoparticle is formed that can physically (entanglement) or chemically, encapsulate a number of drugs. When applied to a specific site of action, the immobilized active agents or biomolecules are released in a well-defined and precise manner [95] .
CTS is metabolized by certain human enzymes, especially lysozyme, and is considered biodegradable [96] . It is also a non-immunogenic, non-carcinogenic and mucoadhesive polymer, which makes it a suitable candidate for biomedical applications, such as wound management, tissue engineering and drug delivery vehicle [97] [98] [99] [100] [101] . CTS as well shows permeation enhancer properties, and it can improve the paracellular route of absorption, which is important for the transport of hydrophilic compounds such as therapeutic peptides and antisense oligonucleotides across the membrane [102] [103] [104] .
CTS has generated considerable interest as a bioadhesive material. The interactions are strong at acidic and slightly acidic pH levels in oral environment, at which the charge density of CTS is high, and an increase in the molecular weight of CTS results in a stronger adhesion [105] . CTS also displays additional biological properties viz., regenerative effect on connective gingival tissue, accelerates formation of osteoblast, is haemostatic, fungistatic, spermicidal, antitumor, anticholesteremic and immune adjuvant [106] .
Temporomandibular joint bioengineering: general introduction
Ideal engineered constructs for mandibular condyle regeneration must have integrated bone and cartilage layers in a single osteochondral construct to meet the demands for anatomic, structural, and functional regeneration. The challenge in TMJ bioengineering is to promote matrix synthesis and tissue maturation of stem-cell-derived chondrogenic and osteogenic cells in biocompatible and bioactive scaffolds, which may be possible by incorporating an array of growth factors and / or transcription factors separately for chondrogenesis and osteogenesis. The mechanical properties of the tissue--engineered mandibular condyle must match with that of an anatomic condyle for in situ implantation into the human TMJ. Also, the tissue-engineered mandibular condyle must have a remodeling potential [107] .
Temporomandibular joint disc bioengineering up to date summary
The earliest such study was performed in rabbit disc where cultured cells were used in collagen I meshes [108] . Later hyaline cartilage was engineered in the shape of a human TMJ disc [109] . Four years later, Girdler harvested hyaline cartilage cells along with chondroprogenitor cells and cultured them to form disc [110] . Recently, human and porcine disc cells have been cultured in 2 dimensions on expanded poly(tetrafluorethylene) monofilaments, PLA monofilaments, polyamide mono-filaments, and natural bone mineral blocks [111] .
Recent studies have identified that a scaffold of non-woven PGA mesh in combination with cell seeding technologies, could provide an engineered disc [112] . Three growth factors: insulin-like growth factor-I, basic fibroblast growth factor and transforming growth factor-β1 have been assessed in maintaining disc-like tissue in culture [113, 114] .
In another study, a scaffold material composed of porcine-derived extracellular matrix, configured to mimic the shape and size of the TMJ, was implanted in a canine model of bilateral TMJ discectomy. The results showed the formation of site-appropriate, functional host tissue resembling native TMJ disk [115] .
Poly(glycerol sebacate) (PGS), a biocompatible, biodegradable elastomer, was used as a porous scaffold material for the TMJ disc, where goat fibrochondrocytes were seeded at three seeding densities (25, 50, 100 million cells mL −1 scaffold), respectively, and cultured. The results showed that cell seeding density and culture time, both effect the biochemical and biomechanical properties of PGS scaffolds. The findings demonstrated PGS as a favorable scaffold material for TMJ disc engineering [116] .
Chitosan/gelatin/hydroxyapatite scaffolds as potential biomaterials for hard tissue regeneration: in vitro approach
Bones are rigid organs that support and protect various organs of the body. Repair techniques for bones with defects or loss due to disease, trauma or tumor resections are the subject of intensive research [117] . Bone grafts -a well recognized and standard treatment method for reconstructive orthopedic surgery [118] -employ three types of bone or tissue substitution: allograft, autograft and xenograft. Allografts transplant bone or soft tissue from one individual to another in the same species. Allografts have many advantages, including osteoinduction and strong mechanical properties, but carry the risk of disease transmission from the donor, such as HIV, hepatitis or cancer. Autografts, or autologous bone transplants, transplant bone tissue from one site to another in the same individual. This graft offers excellent biocompatibility and does not stimulate host inflammatory response. However, the procedure may cause long lasting pain and discomfort for the patient. Furthermore, there is additional risk of wound infection at the surgery sites [119] . Xenografts remove cells or sections of tissue from one species and graft them on or into a different species. Bovine bone [120] and mollusk shell [121] are common materials used in xenografts. However, the bioactive properties of xenografts are weaker than allografts and autografts. To improve xenografts, a new treatment technique has been introduced for bone or tissue repair called bone tissue engineering -a procedure to regenerate damaged bone by implanting cells, proteins and scaffold to provide mechanical support for gap areas [122] . Bone substitute morphology has many forms, such as a compact and porous structure. As bone replacements, a compact structure provides good mechanical strength while a porous structure is suitable for cell attachment and blood supply [123] . Bone tissue engineering creates a biological material that provides the option for implantation and/or prosthesis. Bone tissue engineering has three main requirements: osteoconductive biomaterial scaffolds, osteogenic cells and osteoinductive molecules [124] . Materials widely used in bone tissue engineering include CTS, gelatin and HA. CTS is a polysaccharide that can be synthesized from crustacean shell and squid pen. CTS's structure is similar to glycosaminoglycans, the major component of the extracellular matrix of bone and cartilage [125, 126] . Gelatin can be obtained by thermal denaturation and chemical degradation of collagen [127] , and is known to benefit cell viability [128] . In the meantime, HA has a chemical composition similar to human mineral tissue and can be synthesized from many natural sources with calcium-based structures, such as bovine bone, mollusk shell and coral [129] [130] [131] . In combination, these three biomaterials offer potential synergies between physical properties and bioactivity for use as bone substitutes in bone grafts, benefiting a range of surgical applications.
Chitosan/hydroxyapatite for bone/hard tissue engineering
Research on biomaterials for bone implantation and replacement has expanded considerably over the last four decades. In recent years, significant progress has been made in organ transplantation, surgical reconstruction and the use of artificial prostheses to treat the loss or failure of an organ or bone tissue. The establishment of a load bearing biomaterial must be incorporated with natural bone. The implanted biomaterial should possess the following criteria: biocompatibility, osteoconductivity, high porosity and biomechanical compatibility [132] . For this requirement, autografts and allografts are used extensively for bone grafts. In the autograft technique, bone from another part will be harvested within the body, and this material fills the gap and provides optimal osteoinductivity, osteoconductivity and osteogenic properties. However, it has its own disadvantages: autografting often leads to complications in wound healing, additional surgery, donor pain and an inadequate supply of bone to fill the gap [133] . [134] . Very few compounds are classified as bioactive, biodegradable and osteoconductive. CTS and HAp are among the best bioactive biomaterials in bone tissue engineering and renowned for their excellent biocompatibility with the human body environment [135] .
Various marine sources polysaccharides have been used for treatment of bone diseases like osteoporosis [136] , arthritis [137] , and so on. In order to create a moist environment for rapid wound healing, a hydrogel sheet composed of a blended powder of alginate, chitin/CTS and fucoidan has been developed as a functional wound dressing [138] .
Composite materials for bone tissue engineering
Composite materials are now playing predominant role as scaffolds in bone tissue engineering. CTS has numerous advantageous properties for orthopedic applications, as described above and elsewhere [139] , which make it ideal as a bone graft substituent. CTS scaffolds are flexible and their mechanical properties are inferior to those of normal bone, as it is unable to support load bearing bone implants. Moreover, CTS itself is not osteoconductive, although addition of ceramic materials improves its osteoconductivity and mechanical strength. CTS scaffolds alone cannot imitate all the properties of natural bone. The substantial development of composite materials with CTS mimics all the properties of bone. As proven, calcium phosphate materials are osteoconductive to mimic the inorganic portion of natural bone, while CTS / HAp composite materials show promise in mimicking the organic portion as well as the inorganic portion of natural bone (Figure 1 ). Several studies have been conducted with CTS / HAp composite materials for bone tissue engineering [140] [141] [142] [143] [144] [145] . Calcium phosphate compounds are of great interest in the field of bone tissue engineering. HAp [Ca10(PO4)6(OH)2] is one of the most stable forms of calcium phosphate and it occurs in the bone as a major component (60-65 %) [146] . HAp also possesses a variety of uses, including orthopedic, dental and maxillofacial applications. Therefore, HAp has recently emerged as an important compound for artificial bone preparation. It stimulates osteoconduction being gradually replaced by the host bone after implantation. It is being used for orthopedic replacements, especially in bone regeneration and dental implant treatment. The mechanical properties of HAp are poor, though, so it cannot be used for load bearing bone tissues. Polymers have been used to improve the mechanical properties of HAp (compressive strength, Young's modulus, fracture toughness) [147] . When CTS is combined with HAp, it might be able to mimic the function of natural bone. 
Carbon nano tubes for bone tissue engineering
Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure and constructed with length-to-diameter ratio of up to 28,000,000 : 1. These cylindrical carbon molecules have novel properties, which make them potentially useful in many applications in nanotechnology, electronics, optics and materials sciences. CNTs have a high Young's modulus (1.0-1.8 TPa), high tensile strength and high elongation at break (10-30 %). In addition, they have extremely small size (about 1-10 nm in diameter), high aspect ratio (> 1,000), high structural and chemical stability, and stiffness, as well as remarkable electrical, thermal, optical and bioactive properties [148, 149] . All these properties make CNTs especially promising candidates as reinforcement fillers in the development of nano composites. It has been observed that the combination of CNT with CTS leads to an enormous increase in the mechanical strength of the composite [149] .
CNTs hold great interest with respect to biomaterials, particularly those to be positioned in contact with bone such as prostheses for arthroplasty, plates or screws for fracture fixation, drug delivery systems, and scaffolding for bone regeneration. The most important concerns for the use of CNTs as a biomaterial are tissue safety, but only few reports have addressed the toxicity of CNTs. In particular, bone tissue compatibility is extremely important for using CNTs in biomaterials. Usui et al., who first developed CNT, found that these tubes have good bone tissue compatibility and are capable of permitting bone repair and becoming closely integrated with bone tissue and accelerate bone formation stimulated by recombinant human bone morphogenetic protein-2 [150] .
A big challenge in the bone tissue engineering is mechanical strength improvement of the scaffold materials. One of the main purposes of creating CTS composites is to improve the mechanical strength of the material. CNT is a promising material to fulfill that gap due to its strong mechanical properties. Several authors have developed many composites as well as scaffold materials with CNT. It has been observed that cell adhesion on multi-walled CNT (MWCNT) coated dish is much higher than that on the collagen coated dish [151] .
Our approach to the complexity of the developing suitable model for the in vitro TMJ prototype model to investigate excessive free radical generation and harnessing of the imbalance comes from a different angle: developing functional CTS based hydrogel system [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] . CTS is a natural cationic polysaccharide derived from chitin, with the structural composition being heavily influenced by the pH factors. The unique property of the CTS lies in its ability to form a controlled biofunctional interface with the dentin, enamel, restorative materials, as well as to the skin and other oral tissues. This process occurs through a favorable chemical and structural compatibility of the bioactive material (Figure 1 ). The biointeractive tissue influenced properties of CTS and its derivatives highlight an opportunity for development of dual functional restorative materials such as BIOF-INPs. The important points to address in developing the in vitro model to evaluate the amount of TMJ damaged caused by the oxidative stress as well as promote the repair of the fibrous cartilage and provide specific antimicrobial defense as well as pain management "in situ" and asses the cytotoxicity of the new materials lead us to design and investigate specific class of hydrogels and the preliminary results are summarized in the Figure 2 . Present results demonstrate the capability of the BIOF-IPNs to play an important role in the functional multi-dimensional therapeutic restorative repair materials.
CONCLUSION AND FUTURE DIRECTIONS
This chapter brings together the advances in basic material science, biotechnology and designer functional materials with the specific aim of exploiting molecular mechanistic understanding of TMJ disorders with particular emphasis on the harnessing of excess of free radicals via functional biopolymers. The advantage of the intelligent designer functional materials represents amalgamation of molecular design, mechanism, bioanalytical advancement, molecular biology and ability to easily refocus the aim of the problem at hand make these materials only limited by imagination, creativity and multidimensional science linking scientist, health professionals and will only continue to progress when the recent advances will cross successfully the barrier from in vitro molecular design to in vivo application.
